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Description 

[0001] The present invention relates to a process of 
producing micro-structure. 

[0002] In particular It concerns a mlcrostructure of thie 
type In which a beam is suspended over the surface of 
a substrate by a support. There is an air-gap between 
the beam and the substrate and no part of the beam is 
directly supported from below. An example of such a 
microstruclure is disclosed in Japanese Patent Applica- 
tion JP-A-51 16757 and Patent Abstracts of Japan, Vol. 
17, No. 486 (M-1473) of 3 September 1 993. 
[0003] In recent years, micro-machines having small 
movable parts have been investigated. In particular, in 
the case of making microstructures by using technolo- 
gies for semiconductor integrated circuits, such as those 
which include photolithographic processing, micro-parts 
can be reproduced accurately. Thereby, the parts can 
be arrayed easily on a substrate and the parts can be 
produced at low cost. The parts can respond quicker 
than parts produced by priortechniques because of their 
reduced size. 

[0004] Three typical processes of producing a micro- 
structure on a substrate are described below. 
[0005] One is a process for producing a micro-motor 
(M. Mehregany et al, "Operation of micro fabricated har- 
monic and ordinary side-drive motors" - Proceedings 
IEEE Micro Electro-Mechanical Systems Workshop 
1 990. pp. 1 -8) or a linear microactuator (P. Chsnung et 
al, "Modelling and positfon-detection of a polysiHcon lin- 
ear microactuator". Ivlicro mechanical Sensors. Actua- 
tors and Systems ASME 1991, DS C-Vol.32, pp. 
269-278). 

[0006] This first process comprises: forming a silicon 
dioxWe layer and a polysilicon layer on a silicon sub- 
strate In this order, or provMing a SOI (silteon on insu- 
lator) substrate; 

patterning the silicon layer or the polysilicon layer 
to fonn a patterned structure; and 
removing the silicon dioxide layer by an aqueous 
solution of hydrogen fluoride to produce the micro- 
structure. The sNteon dioxide layer is used, there- 
fore, as a sacrificial layer. (See "SOI (SIMOX) as a 
substrate for surface micromachining of single crys- 
talline silicon sensors and actuators". The 7th Inter- 
natfonal Conference on Solid Slate Sensors and 
Actuators, Transducers 93. June 7-10, 1993, pp. 
233-236). 

[0007] According to this first process, however, it is 
necessary to use for the micro-structure, materials 
which are not eroded by hydrogen fluoride, and it is not 
possible to Incorporate an electrode of erodable mate- 
rial, such as an aluminium electrode in the micro-struc- 
ture. 

[0008]. Furthermore, if polysilicon is adopted as the 
mfcro-structure material, it is necessary to regulate the 



internal stress of polysilicon film in order to prevent a 
bending of the substrate. 

[0009] Furthermore, in the case of using an SOI sub- 
strate, buried silicon dk»cide is removed. If the removal 
s of this (scMe is not carefully controlled, over-etching will 
occur. It is difffcult therefore to maintain contact between 
the microstruclure and the substrate. Also, if aluminium 
or other metal is deposited after removal of the buried 
silicon oxide, it is not easy to form a continuous elec- 

10 trode structure due to overhang of'the microstruclure. 
[0010] The second process is a process for producing 
a spatial light modulator device provided with an alumin- 
ium micro-mirror. This is described in Japanese Patent 
LaW-Open Applicatkm No. 2-8812. This process corn- 
's prises coating a photo-resist sacriftoial l^er on a sub- 
strate, then forming an aluminium layer on this sacrificial 
layer, patterning the aluminium layer, and removing the 
sacrificial layer by oxygen plasma etchingto produce an 
aluminium film micro-structure. 

20 [0011] The micro-structure can be produced on vari- 
ous kinds of substrate and this does not depend on sur- 
face roughness of the substrate. 
[0012] In addition, since the sacrificial layer is re- 
moved by dry etching, here a oxygen plasma etching 

2S process, sticking between the substrate and the micro- 
structure, which can happen when removing the sacri- 
ficial layer by a wet etching process, is avoided. How- 
ever, since It Is necessary to deposit the film for the mi- 
cro-structure at a k>w temperature to avoM damage to 

30 the sacrificial layer, the chofce of mfcrostructure material 
is severely restricted. Furthermore, it is necessary to 
regulate the internal stress of the film for the microstruc- 
lure to prevent the microstruclure from bending. 
[001 3] The third process is a process In which the pat- 

^ tern for the microstructure is formed on an Si substrate, 
after which a pari of the pattern is bonded anodicaliy to 
a glass substrate, after whk;h the bonded Si substrate 
is etched from its back surface until the pattern is left on 
the glass substrate. 

to [0014] A linear actuator comprising bulk Si film (Y. Gi- 
anchandani et al. "Mfcron-Sized, Hi£^ Aspect Fiatio Bulk 
Silicon Mksromechanical Systems Devices', Proceed- 
ings IEEE Electro Mechanfeal Workshop 1992, pages 
208-213), or a cantilever comprising silicon nitride for 

45 an Atomic Force Microscope (AFM) may be produced 
by this process (U.S. Patent 5,221.415). 
[001 5] In this process, it is not necessary to use a sac- 
rificial layer so that micro-structures made of a material 
which does not have resistance to hydrogen fluoride can 

so be produced. ■ -< 

[001 6] However, the microstructure materials are lim- 
ited to those which can be bonded anodicaliy to glass, 
such as Si, Al, Ti, Ni, which are eleclroconductive and 
which can be oxidised, or silicon dioxide film or silteon 

ss nitride film coated on a substrate. 

[001 7] Furthermore, when bonding is made anodical-. 
ly a temperature of 300°C or more is usual and it is nec- 
essary therefore to use a glass having the same thermal 
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expansion coefficient as that of the Si substrate to avoid 
damage to the substrate by heat stress. The choice of 
glass is limited to pyrex glass (trade name # 7740; rr»an- 
ufactured by Coming) or the like. 
[001 81 Where an electrode Is already provided on the s 
substrate, It is then difficult to produce an electrode on 
the microslructure. 

[0019] In addition, It is necessary to use a glass which 
contains mobile ions as the material of the substrate, 
such as soda glass. Pyrex and crystallised glass. Con- io 
sequently, this process Is inapplicable to substrates in- 
corpoating integrated circuit components. 
[00201 Furthermore, in the case of bonding the elec- 
tro-conductive material to the glass anodlcally, It Is nec- 
essary for the glass and the electro-conductive material is 
to have a surface roughness of 50 nm or less. 
[00211 In US Patent 5,221 ,415, silicon nitride is bond- 
ed anodlcally to glass at 475°C. Consequently, elec- 
trodes have to be fomied by vacuum evaporation on the 
whole surface of the substrate after produclngthe micro- so 
structure. It is difficult, however, to form a patterned elec- 
trode on a beam structure such as a cantilever. 

SUMMARY OF THE INVENTION 

2S 

[0022] The present invention is intended as a solution 
to the problems aforesaid. 

[0023] According to the present invention, there is 
provided a process of producing a microstructure having 
a substrate, a beam member, and a supporting means, 30 
wherein the beam member is suspended over the sur- 
face of the substrate by said supporting means and is 
separated from said surface by an air-space, which 
process comprises performing in the following order 
steps of: 3s 

(a) providing a first substrate having a first sacrificial 
layer over its surface and a beam member on said 
first sacrificial layer; 

(b) removing that part of said first sacrificial layer 40 
which is not sandwiched between said beam mem- 
ber and said substrata; 

(o) forming supporting means on said substrate and 
over said beam men*er with the inside surface of 
said supporting means attached to the surface of 4S 
said first substrate and to that surface of said beam 
member which is further from the surface of said 
first substrate; and . 

(d) removing the remainder part of said first sacrifi- 
cial layer to leave said beam member separated « 
from the surface of said first substrate by an air- 
space with no part thereof directly supported from 
below. 

[0024] It is mentioned that European Patent Appiica- ss 
tion EP-A-0417523 describes the manufacture of a 
microstructure by a process of forming a spacer layer, 
a first metal layer and a second metal layer, in that order. 



on the surface of a silicon substrate. The second metal 
layer is etdied leaving a central portion spaced from a 
surrounding peripheral part of the second metal layer. 
The same pattern is formed thereafter in the first xnetal 
layer except for a part that is left to support the central 
portion from below. The spacer layer is then etched leav- 
ing a peripheral part supporting the patterned first and 
second layers of metal. At the periphery a part of the 
first aiid second layers of metal overhang from the spac- 
er layer and are separated from the substrate by an air- 
gap. The peripheral parts of the first and second metal 
layers are supported from below by the peripheral part 
of the spacer layer. 

[0025] Other aspects of the invention wilt be apparent 
from the description given below andfrom the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] In the accompanying drawings: 

Figure 1 is a schematic view of a first microstruc- 
ture; 

Figures 2(A)-2(K) are sectional views for illustrating 
a first process for producing the microstructure of 
Figure 1 . taken on line A-A of Figure 1 ; 
Figure 3 is a schematic view of an electrostatic ac- 
tuator; 

Figures 4(A)-4(L) are sectional views, which are 
taken on line B-B of Figure 3, for Illustrating a first 
process for producing the electrostatic actuator of 

Figure 3; 

Figure 5 is a sectional view for explaining the use 
of an L-B film in a process for producing a micro- 
structure; 

Figures 6(A)-6(M) are sectional views for illustrating 
a second process for producing the elaotrostatk: ac- 
tuator of Figure 3; 

Figu re 7 is a schematic sectkjnal view for explaining 
a step of bonding a silicon substrate to a second 
substrate anodteally; 

Figures 8(A)-8(M) are sectional views for illustrating 
a third process for producing the electrostatic actu- 
ator of Figure 3; 

Figures 9(A)-9(K) are secttonal views for illustrating 
a second process for producing the microstructure 
of Figure 1; and 

Figures 10(A)-10(M) are sectional views for illus- 
trating a fourth process for producing the electro- 
statfc actuator of Figure 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] The present invention will be explained with 
reference to the drawings. The foltowing description ia 
given by vray of example only. 
[0028] Fig. 1 isaschematicviewofafirstinicro-struc- 
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ture, and Fig. 2(A)-(K) are views illustrating stages In a 
process of producing the microstructure of Fig. 1 . 
[0029] Referring to figure 1 . 1 is a first substrate, 2 is 
a beam member and 3 is a supporthg structure. The 
member 2 Is suspended above the first substrate 1 . over s 
an airspace 4, by the. supporting structure 3. and the 
beam 2 is attached to the supporting structure 3 at its 
surface 5 which is further from the substrate 1. 
[0030] A process for producing the microstructure 
shown in figure 1 will now be explained with reference io 
to figure 2. 

[0031] First of all, the first substrate 1 and a second 
substrate 6 are provided, and then a first sacrificial layer 
7 is formed on the first substrate 1 (Fig. 1 (A)). 
[0032] Photo-resist is coated on the second substrate is 
6 to form a photoresist layer, after which the photo-resist 
layer Is exposed to radiation and is developed to f omn a 
patterned photo-resist layers (Fig. 2(B)). 
[0033] The second substrate 6 Is then etched using 
the patterned photo-resist layer as a mask to produce a zo 
patterned prominence 9 which Is to form the beam mem- 
ber 2 (Fig.2(C)). 

[0034] The first substrate 1 having the first sacrificial 
layer 7 is then adhered to the second substrate 6 with 
the patterned prominence 9 In contact with the first sac- zs 
rificiallayer7(Rg.2(D)). 

[0035] The second substrate 6 is then etched down 
to the patterned prominence 9 to produce the beam- 
shaped member 2 (Fig, 2(E),(F)), after which the first 
sacrificial layer 7 is etched using the member 2 as a so 
mask (Fig.2(G)). 

[0036] Next, a layer 10 for the supporting structure 3 
is formed on the member 2 and on the exposed adjacent 
surfaces of the first sacrificial layer 7 and the first sub- 
strate 1 (Fig. 2(H)). 35 
[0037] Next, a patterned photo-resist layer 1 1 , whose 
pattern corresponds to the pattern of the supporting 
structure 3, is formed on the layer 10 (Fig.2(l)) and the 
layer 10 is etched using the patterned photo-resist layer 
1 1 as a mask to fonn the supporting stmcture 3 (Fig.2 w 
(J)). The first sacrificial layer 7 is then removed to com- 
plete the manufacture of the microstructure shown "m 
Fig. 1. 

[0038] In the process shown in Figure 2, the first sac- 
rificial layer? acts as an adhesive layer, and for this pur- 4S 
pose may comprise resin. The first sacrificial layer can 
be formed by usual methods, such as by applying a 
coating solution in which resin is dissolved in an organic 
solvent, by spin coating, spray coating, dip coating etc., 
or by forming a film by the Langmuir-Btodgett method, so 
A resin film having a flat surface can be obtained by 
these methods, even if the substrate has a rough sur- 
face, therefore in the step for adhering the first substrate 
to the second substrate, face-adhering can be effected 
without depending on surface roughness of the sub- bs 
strate. 

[0039] Preferred resin materials include photo-re- 
sists. These shouW not contain impurities, such as so- 



dium ions, if the first substrate is a silkxm substrate in- 
cluding integrated circuit components. In particular, 
such photD-resisls containing a rubber having both good 
adhesive strength and good mechanical strength are 
preferably used. As the rubber, cyclized rubbers such 
as disclosed in "Bisaikako & Rejisuto (Fine Processing 
and Resist)" written by Saburo Nonogaki, edited by 
Kobunsi Gakkai (Society of Polymer), published by Ky- 
oritsu Shuppan, 1 991 , pages 11-1 2are preferably used, 
and as the photoresists containirig rubber, OMR-83 
(manufactured by Tol^ Oka Kogyo K.K.) is preferably 
used. 

[0040] In the case of using the Langmuir-Blodgett 
method for forming the first sacrificial layer 7, a mono- 
molecular laminated film, that is a Langmuir-Blodgett 
(LB) film consisting of molecules with hydrophobic 
group and a hydrophilic group, is laminated on the first 
substrate 1, at least one layer or more, to form the sac- 
rificial layer 7. In a multilayer film, the hydrophobic 
groups of each monomolecular film are adjacent and the 
hydrophilic group of each mono-molecular film are ad- 
jacent 

[0041] According to this method, the thickness of the 
sacrificial layer 7 can be regulated to nanometre preci- 
sion, thus the air space 4 between the beam member 2 
and the first substrate 1 can be regulated to the same 
nanonrwtre precision. 

[0042] As the step for adhering the first substrate 1 
and the second substrate 6, the process as described 
betow is prefen-ed, that is, pressing together the first 
substrate 1 with the sacrificial layer 7 and the second 
substrate 6, and then heating the sacrificial layer 7 to 
evaporate solvent in the sacrificial layer 7 to cure the 
resin therein and to increase adhesive strength. In ad- 
dition, at least one of the flrstsubstrate 1 andthe second 
substrate 6 may be provkJed with a groove to allow sot- 
vent vapour to escape via the groove. Where the first 
substrate 1 and the second substrate 6 are conductive, 
it is possible to adhere the first and second substrates 
1 ,6 while applying voltage between these substrates 1 ,6 
to generate an electrostatic field. 
P)043] In case of adhering the first and the second 
substrates 1 ,6 by an LB film, the substrates 1 ,6 can be 
adhered by the process as described below, that is a LB 
film formed on the first substrate 1 (or the second sub- 
strate 6) is brought into contact with the surface of the 
second substrate 6 (or the first substrate 1 ), and then a 
voltage is applied between the substrates 1,6 to gener- 
ate an electrostatb fieM to adhere them to each other. 
[0044] Further, in case of forming LB film on both the 
first and the second substrates 1.6, the LB films prefer- 
ably are formed so that the hydrophilic group of one LB 
fi Im comes into contact with hydrophilic group of the oth- 
er LB film, or the hydrophobic group of one LB film 
comes into contact with the hydrophobk; group of the 
other LB film. 

[0046] Furthemnore, in the case of forming the LB film 
on one only of the first and second substrates 1 ,6, when 
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the surface of the LB film is hydrophilic, the surface of 
the substrate is chosen to be hydrophilic. and when the 
surface of the LB film is hydrophobic, the surface of the 
substrate Is chosen to be hydrophobic. Provided that the 
temperature of the LB film Is maintained below Its de- 
composition temperature, and a voltage is applied be- 
tween the first and the second substrates 1 ,6 the sub- 
strates 1,6 can be adiered firmiy. 
[0046] In the process described above, the first sub- 
strate 1 can be adhered to a patterned prominence for 
the microstructure by a LB film. In case of using a resin 
layer for the sacrificial layer 7 as an adhesive layer, the 
resin layer can be cured at a relatively low temperature 
so that damage to the substrate 1 due to difference of 
thermal Kcpansion coefficients between the first and 
second substrates 1 ,6 can be avoided. Thus, the choice 
of materials for the substrates 1 ,6 is not restricted m re- 
lation to thennal expansion coeffidents. 
[0047] In the steps for making the patterned thin film 
structure, such as the beam-shaped member? In Figure 
1 , on the first substrate 1 , a second substrate 6 or a sec- 
ond substrate 6 having a layer for the structure also may 
be processed. 

[0048] Examples of the second substrate 6 having a 
layer for the structure may include a substrate 6 on 
which this layer is formed directly or a substrate 6 on 
which the layer is formed over said sacrificial layer for 
releasing the substrate 6 from the layer. 
[0049] In case of forming the patterned thin film layer 
from the second substrate 6, first of all, the second sub- 
strate 6 is processed by a suitable method, such as by 
pholDlithography, to form a patterned structure, after 
whidh the second substrate 6 is attached to the first sub- 
strate 1 by the first sacrificial layer 7 with the patterned 
surface of the second substrate 6 facing the first sub- 
strate 1 . The second substrate 6 is then etched down to 
the patterned prominence 9 from the opposite surface 
to the patterned prominence 9 (i.e. the back surface) by 
wet etching with a suitable etchant forthe second sub- 
strate 6, or by dry etching with a reactive gas, or the 
back surface of the second substrate 6 is abraded and 
lapped to fonm the patterned thin film structure 2. 
[0050] In case of using a silteon substrate as the sec- 
ond substrate 6, examples of etchants for wet etching 
include alkafl aqueous solutions, such as a solutk>n of 
potassium hydroxWe (KOH), a solution of tetramethyl- 
ammonium hydraxkJe (TMAH), etc., or mixed aqueous 
solutions of hydrogen fluoride and nitrk: acid, and exam- 
ples of reactive gases for dry etching include plasma 
gases of CF4, SFg, NF3 etc. 
[0051] When a substrate made of monociystalline SI, 
GaAs etc. is used as the second substrate 6, the micro- 
structure obtained is not warped. 
[0052] In the case of forming the patterned thin film 
layer 2 from the second substrate 6 having a layer for 
the structure 2, examples of the second substrates 6 in- 
clude a laminated substrate which a glass substrate is 
bonded anodically to a metal layer as the second sacri- 



ficial layer fonmed on the layer for the structure, a sub- 
strate having an internal layer, such as SOI substrate 
which has silteon oxkie film as the second sacrificial lay- 
er and silicon layer as the layer for the structure, SUVIOX 
s substrate etc., a substrate on whteh the second sacrifi- 
cial layer and the layer for the structure is formed direct- 
ly. 

[0053] Examples for the material of the second sacri- 
ficial layer are selected from materials which are eroded 
10 by an etchant which does not erode the layer for the 
structure 2. 

[0054] The second sacrificial layer and/or the layer for 
the structure may be produced by a film fomiing method, 
such as vacuum evaporation, llquW coating and chem- 

is ical vapour deposition and so on. 

[0055] In the case of using anodic bonding for bonding 
the glass substrate and the metal film as the second sac- 
rificial layer, the glass substrate preferably may contain 
mobile ions of alkali metal, such as sodium ions.lithium 

20 Ions, etc. The metal film preferably may be of metal 
which can be bonded anodically, such as Al, Tl, Ni and 
so on, or of an alloy which contains a combination of 
these metals. Anodic bondhg. such as rr»ay be used 
herein, is described, for example in U.S. Patent 

2S 3,397,278. 

[0056] When the metal film as above is formed on, the 
layer for the structure, the layer used nray be chosen 
from varkxjs materials, such as insulator semkxinduc- 
tor, or metal material. 

30 [0057] In the case of using the second substrate hav- 
ing a layer for the structure, "it Js necessary to remove 
the second substrate from the layer for the structure. 
[0058] The second substrate can be removed from 
the layer by wet etching using an etchant suitable forthe 

35 material of the second substrate, dry etchhg by a reac- 
tive gas. or abraskjn. 

[0059] In the case of using a second substrate having 
a second sacrricial layer, the second substrate can be 
removed from the layer by removing the second sacri- 
40 ficial layer to transfer the layer for the structure on the 
first sacrificial layer which had been formed on the first 
substrate. 

[0060] The first sacriftelal layer may comprise one lay^ 
er or two or more layers, and in case of forming the first 

4S sacrificial layer comprising two or more layers, each lay- 
er may be cured before forming the other layer on the 
layer to avoid dissolution of the layer 
[0061] The curing can be practised by use of usual 
methods, such as baking, irradiation and so on. 

BO [0062] In the case of using photoresist for the first sac- 
rificlal layer, the curing temperature may be the temper- 
ature at which the resin in the photoresist becomes 
crosslinked and insoluble to developer. 
[0063] When negative type photoresist is used as the 

ss photoresist, the part which is irradiated is cured. In this 
curing step organk: solvent vapour is evaporated from. 
the photoresist so that It is preferable to provide a groove 
on the first substrate and/or second substrate to allow 
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the vapour to escape, as described above. 
[0064] The supporting structure 3 connects the first 
substrate and the layer tor the structure, and is formed 
before removing the first sacrificial layer to provide sup- 
port for the layer at the upper surface of the layer. s 
[0065] In addition, in case of using aluminium for the 
supporting structure, the layer can be connected with 
the first substrate electrically. 
[0066] The first sacrificial layer can be removed by 
usual methods, such as immersion in a solvent for dis- 
solving resin, dry etching by ashing with oxygen plasma 
etc. Further, in case of using LB film as the first sacrificial 
layer, the first sacrificial layer can be removed by heating 
to decompose the LB film. Examples of heating the LB 
film may include irradiating by laser beam, such as from is 
aCOglaser. 

[0067] When resin is used for the first sacrificial layer, 
it is possible to remove the first sacrificial layer by dry 
etching eo that sticl<ing, which can happen, when the 
first sacrificial layer is removed by wet etching, can be so 
avoided. 

[0068] As described above, In the process for produc- 
ing the mtorostructure the choices of the first substrate 
material, the second substrate material and the material 
for the layer for the structure are not restricted. In addi- 2s 
tion, in the process for removing the first sacrificial layer, 
electrodes can be provided on the structure. Provided 
the first sacrificial layer Is removed by using solvent, by 
ashing, by heating etc., electrodes are not etched. 
[0069] Furthennore, sticlting can be avoided by re- 30 
moving the first sacrificial layer and the second sacrifi- 
cial layer by dty etching process or heating. 
[0070] Examples of the microslructure may include: 
cantilevers for microscopes which detect tunnelling 
electric current, \fen der Waals' force, niagnetic force or ss 
electrostatic force etc., such as atomic force micro- 
scopes [AFM); scanning tunnelling microscopes (STM); 
and electric circuits having air bridge structure, etc. 
[0071] In particular, an eleclrostatic actuator compris- 
ing a substrate, fixed electrode and first plate electrode 4o 
which are formed on the substrate, a beam provided on 
the first plate electrode over an ajr space by a supporting 
structure comprising a metal film arxl a second plate 
electrode formed on the beam, wherein the electrode is 
connected electrically with the fixed electrode by the « 
supporting structure, and the beam Is supported by the 
supporting structure at the upper surface of the beam, 
and the beam is movable by applying voltage between 
the first plats electrpde and the movable electrode can 
be obtained. so 
[0072] A number of embodiments of the present In- 
vention will now be explained in more detail wfth refer- 
ence to the following examples. 

EXAMPLE 1 ss 

[0073] A microstructure shown in Figure 1 was pre- 
pared according to a process as shown in Figure 2. 



[0074] First of all, a monocrystalline silicon substrate 
was provided as a second substrate 6. 
[0075] A layer of photoresist was coated on this silicon 
substrate 6. The photoresist layer was then exposed 
and developed to produce the patterned photoresist lay- 
er 8 whose pattern con-esponds to the pattern of the 
beam-shaped member 2. ^ 
[0076] Next, the silicon substrate 6 w^s etched by re- 
active ion etching with a mixture of^SFg and CCIJF^ us- 
ing the patterned photoresist iayer's as a masit to pro- 
duce a beam patterned prominence 9. The patterned 
photoresist layer 8 was then renfKwed'(Fig. 2(C)). 
[0077] The height of the beam patterned prominence 
9was5{im. 

[0078] Meanwhile, a glass substrate (trade name: # 
7059; manufactured by Corning) was provided as the 

first substrate 1. 

[0079] Polymethylmethacrylate (PMMA) was dis- 
solved in methy lethy Iketone (MEK) to make a PMMA so- 
lution, after whteh the PMMA solution was coated on the 
glass substrate 1 by spin coating to form the first sacri- 
ficial layer 7 of PMMA film. The themnal expanston co- 
efficient of the glass substrate 1 was 1.4 times that of 
the silicon substrate 6. 

[0080] Next, the second substrate 6 shown in figure 
2(C) was adhered to the surface o* the first substrate 1 
by the first sacrificial layer 7 by applying pressure to the 
back surface of each substrate 1 ,6. 
[0081] Pressure was applied to ensure that tfie beam 
patterned prominence 9 was adhered adequately to the 
first sacrificial layer 7. 

[0082] The first sacrificial layer 7 was then cured by 
heating at ISCC. and the thickness of the cured first 
sacrificial layer 7 was 2 jun. 

[0083] The silicon substrate 6 was then etched with a 
30 wt% KOH aqueous solution heated at 1 0O'C. to form 
a thin sllteon membrane 1 2 as shown in Figure 2(E), af- 
ter which the silicon thin film was removed by reactive 
ion etching with SFg gas to produce the beam-shaped 
member 2 having 1 |im of thicl<ness (Figure 2(F)). The 
first sacrificial layer 7 was then etched by reactive ion 
etching with oxygen using the beam-shaped member 2 
asamasl< (Figure 2(G)). 

[0084] Next, an aluminium layer 10 wasfomnedonthe 
exposed surfaces of the first substrate 1 , first sacrificial 
layer 7 and member 2 by sputtering. The thickness of 
the aluminium layer 1 0 was 1 ixm. Then a patterned pho- 
toresist layer 11 was formed on the aluminium layer 10 
(Figure 2(1)). The aluminium layer 10 was then etched 
by an etchant cwnprising acetic acid, phosphoric acid ' 
and nitric acid to produce the supporting structu re 3 (Fig- 
ure 2(J)). 

[0085] Finally, the first sacrificial layer? was removed 
by immersing the first substrate 1 into an organic solvent 
for removing PMMA (trade name: OMR Ftemover, nnan- 
ufactured by Tokyo Ouka Kogyo K.K.) to complete the 
microstructure comprising a 1 urn thickness silicon 
beam 2 supported by aluminium supporting structure 3. 
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and having a 2 nm air space 4 between tlie beann 2 and 
the first substrate 1. 

[0086] Since an organic solvent was used to remiove 
the first sacrificial layer 7, the supporting structure 3 was 
not etched. 

[0087] According to Example 1. the bridge member 2 
was provided by a part 9 of the second substrate 6 made 
of crystalline silicon as shown in Figure 2(B). A pat- 
terned beam member which does not have internal 
stress therefore can be prepared easily 
[0088] In addition, the second substrate 6 was 
grooved so that vapour evaporated in the step of curing 
the first sacrificial layer 7 could escape. If a groove is 
not provided, bubbles can be trapped between the first 
sacrificial layer 7 and the second substrate 6. When a 
groove is provided, bubbles can be avoided. 
[0089] When a resin layer Is used for the first sacrifi- 
cial layer 7, the material of the first substrate 1 can be 
selected from materials whose thermal expansion coef- 
ficients are different from that of the second substrate 6. 
[0090] Furthermore, in this example, the first sacrifi- 
cial layer 7 serves not only as a spacer but also as an 
adhesive layer. 

[0091 ] I n this example, aluminium is used for the sup- 
porting structure 3 but insulator material, such as silicon 
dioxide etc., could be used Instead to produce an insu- 
lated microstructure, 

EXAIWPLE2 

[0092] A microstructure shovm in Figure 3 was pre- 
pared according to the process as shown in Figure 4. 
[0093] Referring to Figure 3: 1 is a silicon substrate; 
13 is an insulating layer of silicon dioxide; 14 is a first- 
plate electrode formed on the Insulating layer 13;15 Is 
a fixed electrode fonned on the insulating layer 13;2 is 
a beam member having a torston bar portion 2a and a 
cantilever portion 2b, and is suspended by a supporting 
structure 3 attached to the upper surface of the torsion 
bar portion 2a of the beam member 2. The beam mem- 
ber 2 Is provided with a second plate electrode 16 and 
is spaced above the insulating layer 13 by an air space 
4. (Hereinafter this structure is called an *alr bridge 
structure"). 

[0094] The supporting structure 3 is of an electrically 
conductive material, and the second plate electrode 16 
is connected to the fixed electrode 1 5 electrically by the 
supporting structure 3. 

[0095] When a voltage is applied between the first 
plate electrode 14 and Hie fixed electrode 15 which Is 
connected to the second plate electrode 15, the torsion 
bar portion 2a of the beam member 2 is twisted torsion- 
ally and the cantilever portion 2b of the beam member 
2 Is displaced. Thus, the microstructure of this example 
can be used as an electrostaBc actuator. 
[00981 Next, a process for preparing the microstruc- 
ture as shown In Figure 3 will be explained with refer- 
ence to Figure 4. 



[0097] First of ail, a silicon substrate was provided as 
the second substrate 6. Next, a 1 ^m thick silicon nitride 
layer 17 was formed on the silicon substrate 8 by Low 
Pressure Chemical Nfepour Deposition (LP-CFD)4Jsing 
s a gas mixture of dichlorosllane (SiHaCy and ammonia 
(NHg) at 850»C (Figure 4(A)). 
[0098] A rubber type photoresist (trade name: 
OMR83 : manufactured by Tokyo Ouka Kyogo K.K.) was 
coated on the silicon nitride layerJ7 by spin coating to 
10 form a first photoresist layer 7a (Figure 4(B)). 

[0099] Also, a silicon substrate 1 provided with an in- 
sulating layer 13, a first plate electrode 14 and a fixed 
electrode 15 (not shown in Figure 4) was prepared. 
[01 00] The insulating layer 1 3 was prepared by tfier- 
« mally grown oxidation of the silicon substrate 1 by an 
oxidising gas, and typically the thickness of this insulat- 
ing layer 1 3 is 1 urn. The first plate electrode 1 4 and the 
fixed electrode 15 were prepared by forming a 5 nm 
thickness Cr layer and a 20 nm thickness Au layer on 
20 the Insulating layer 1 3 by electron beam deposition, and 
patterning by photoHthography. 
[01 01] Next, a photoresist was coated on the first sub- 
strate to form a second photoresist layer 7b In the same 
manner as forthe first photoresist layer 7a (Figure 4(C)). 
2S [01 02] The first substrate 1 and the second substrate 
6 were then heated at 50°G for 1 0 minutes to regulate 
the amount of solvent in the photoresist layers 7a,7b in 
order to avoid bubbles between the photoresist layere 
7a,7b when the photoresist layer 7a was adhered to the 
30 photoresist layer 7b. 

[01 03] The second substrate 6 was then placed on the 
first substrate 1 with the photoresist layers 7a. 7b ther- 
ebetween and 100 V of voltage was applied between 
the first substrate 1 and the second substrate 6 to ad- 
35 here the substrates 1 ,6 by the photoresist layere 7a,7b, 
after whfch the photoresist layers 7a,7b were then heat- 
ed at 120*C to cure the photoresist layers 7a.7b and 
produced a consolidated photoresist layer 7 (fig. 4(D)). 
The cured consolidated photoresist layer 7 was 2 nm 
40 thick. 

[01 04] Next, the second substrate 6 was removed by 
wet etching using 30 wl% of KOH aqueous solutkxi to 
expose the silicon nitride l^er 17 (figure 4(E)). 
[01 05] In this step, silicon nitride was not etched sub- 

4S stantially since the etching speed of silicon nitride is 
much bwerthan that of silicon. 
[0108] Next, a metal film 18 consisting of Cr and Au 
sub-l^ers was formed on the silicon nitrkJe layer 1 7 in 
the same manner as for forming the first plate electrode 

so 1 4 and the fixed electrode 1 5. and a patterned photore- ' 
sist layer 19 was formed by photolithography (Figure 4 
(F))- 

[0107] The metal film 1 8 was then etched by using the 
patterned photoresist layer 19 as a mask to fomi the 
ss second plate electrode 16. and then a patterned pho- 
toresist layer 20 whose pattem corresponded to *ie pat: 
tern of the beam member 2 vias formed on the silicon 
nitrkte layer 17 (Figure 4(G)). 
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[0108] The silicon nitride layer 1 7 was then etched by 
reactive Ion etching using CF4 gas with the patterned 
photoresist layer 20 as a mask. After this, the patterned 
photoresist layer 20 and exposed part of the photoresist 
layer 7 were ashed by reactive ton etching with oxygen 
gas and removed to complete production of the pat- 
terned beam member 2 (Figure 4(H)). 
[0109] Next, aluminium was deposited on the ex- 
posed surface of insulating layer 1 3 on the exposed sur- 
face of silicon nitride layer and on the second plate elec- 
trode 16 to form an aluminium layer 10, after which a' 
patterned photoresist layer 11 was fonned on the alu- 
minium layer 10. 

[0110] The aluminium layer 1 0 was then etched by re- 
active ion etching using a gas mixture of BCI3 and Cig 
to form the supporting structure 3. 
[0111] The patterned photoresist layer 11 and the pat- 
terned photoresist layer 7 were etched with oxygen plas- 
ma and an air space formed between the beam member 
2 and the substrate 1 (Figure 4(L)). The concertration 
of the oxygen was 50 ccm or more and pressure of the 
gas was 20 Pa or more to promote Isotropic etching. 
[0112] In thfe manner, a microstructure comprising a 
2 nm air-space 4 and a 1 jjm-thick beam member 2 as 
shown in Figure 3 was prepared. In this example, a pho- 
toresist layer 7 was used as a first sacrificial layer Each 
electrode was not etched and sticking, which would 
have happened If ttie sacrificial layer had been removed 
by wet etching, was avoided since dry etching was used. 
[0113] Further, according to this embodiment of the 
present Invention a silicon nitrkte layer formed on the 
second substrate was transferred onto the first sub- 
strate to form the beam member and a patterned plate 
electrode was formed on the beam member. This elec- 
trode was connected electrically to the fixed electrode 
formed on the first substrate by the supporting stnjcture. 
[0114] Furthermore, the free-end of the beam mem- 
ber, a cantilever portion, could be displaced toward the 
first substrate correspond to the torsional twisting of the 
torsion bar portion of the beam member by applying a 
voltage between the first and second plate electrodes. 

EXAMPLE 3 

[0116] Another embodiment of a process for produc- 
ing the microstructure shown in Figure 1 will be ex- 
plained with reference to Figure 5. In this example, a LB 
layer was used as the first sacrificial layer 7 in Example 
1 and Figure 5 is a schematic view illustrating the step 
of adhering the first substrate to the second substrate 
by this first sacrificial layer. In this figure, 1 is a silicon 
first substrate, 6 is a silicon second substrate, 7 is a LB 
layer formed by LB technkjue on the first substrate 1, 
and the LB layer 7 consists of many LB film monomo- 
lecular sublayers 21 , and the LB layer 7 is of thickness 
80 nm. Further, 22 is a hydrophobic group and 23 is a 
hydrophilio group, and the LB film sub-layers 21 are lam- 
inated alternately with hydrophilic groups 23 adjacent 
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and with hydrophobic groups 22 adjacent, as shown. 24 
is a power supply to apply a voltage between the first 
substrate 1 and the second substrate 6, and it is con- 
nected to needle electrodes 25 by conductive wires 26. 

s 27 Is an electroconductive platen. 

[Oliq In this example, stearic acM was usedforform- 
Ing the LB layer 7 on the first substrate 1 , and then the 
second substrate 6 having a patterned surface (not 
shown) was placed on the first substrate 1 with the LB 

10 layer 7 inbetween. 

[0117] Next, 6 V of votege was appNed between the 
first substrate 1 and the second substrate 6 for 30 min- 
utes to adhere the second substrate 6 to the first sub- 
strate 1 by using electrtistatlc force which was gsnerat- 

is ed by the voltage.and the hydrophobte surface of the LB 
layer 7 was adhered to the hydrophobk: surface of the 
second substrate 6. 

[0118] Next, the adhered substrates 1,6 were proc- 
essed in the same manner as in the process of Example 
1 as shown in Figures 2(E) to 2(J) to form a microstruc- 
ture comprising an aluminium supporting structure 3 
and a silteon beam member having the same structure 
as that shown in Figure 2(J), except in using an LB layer 
instead of a PMMA layer as the first sacrificial layer 7. 
The microstructure was then heated at SSCC for 1 hour 
to decompose and remove the LB layer 7, and a 60 nm 
air-space was formed between the first substrate 1 and 
the silicon beam member 2. 
[Oil S] In this example, a microstructure having an air- 
space which is regulated to nm precision can be pre- 
pared by using an LB layer as the first sacrificial layer. 
[0120] In addition, ttie LB layer can be removed by 
heating, so that sticking which can happen if the first 
sacrificial layer Is removed by wet etching can be avoid- 
ed. 

[0121] Further, in this example, .the LB layer 7 is 
formed on the first substrate 1. However, It can be 
formed on the second substrate 6, or can comprise sub- 
layers fomned on the first substrate 1 and the second 
substrate 6. Examples of removing the LB layer 7 may 
include Irradiatrig by laser, such as COj laser to decom- 
pose the LB layer 7. 

P>122] Furthermore, in this example, stearic acid was 
used for fonning the LB layer 7, but arachidic acid, fer- 
roelectric LB film, such as diacetylene type, benzene de- 
rivatives type, and polyimide LB film also can be used 
to form the LB layer 7 of the example. 
[01 23] Examples of the substrate 1 may Include glass, 
metal, glass substrate on which metal film has been 
fomned, ete. 

EXAMPLE 4 

[0124] Another embodiment for producing the micro- 
structure shown in Figure 3 will be explained with refer- 
ence to Figure 6. 

[0125] FIrstof all, asillconsubstrate28wasprepared, 
and a 200 nm thick aluminium layer 29 was formed on 
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the silicon substrate 28 as a second sacrificial layer by 
electron beam deposition (Figure 6(A)). Next, a glass 
substrate (trade name: No. 7740, mfd. by Coming) was 
prepared as the second substrate 6, after which the sil- 
icon substrate 28 having the aluminium layer 29 was 
bonded anodicaily to the glass substrate 6. 
[01261 The bonding step will now be explained in de- 
tail with reference to Figure 7. 
[0127] Refen-ing to Figure 7, 24 is a power supply for 
applying voltage between the aluminium layer 29 and 
the glass substrate 6, and it is connected with needle 
electrodes 26 by connecting wires 26. and 27 is an elec- 
troconductive platen comprising a heating means (not 
shown). 

[0128] in the bonding step, the second substrate 6 
was placed on the aluminium layer 29, after which 500 
V of voltage was applied between the second substrate 
6 and the aluminium layer 29 for 20 minutes at a platen 
temperature of 300°C to bond the second eubetrate 6 
to the silicon substrate 28 (Figure 6(B)). The silicon sub- 
strate 28 was then abraded down to a layer of 2 nm- 
thickness (Figure 6(C)). 

[0129] Next, a patterned photoresist layer, whose pat- 
tern corresponded to a beam pattern, was formed on 
the silicon layer 28, after which the silicon layer 28 was 
etched by reactive ion etching using CF4 gas, after 
which the aluminium second sacrificial layer 29 was 
etched by reactive ion etching using a gas mixture of 
BCIg and Clj to form the beam member 2 having a can- 
' tilever portion (Figure 6(D)). 
[0130] A silicon first substrate having an insulating 
layer 1 3, a first plate electrode 1 4, and a fixed electrode 
15 was prepared. The insulating layer 13 had been 
formed in the same manner as In Example 2. In addition, 
the first plate electrode 14 and the fixed electrode 15 
had been formed as follows; first of all, a 5 nm Cr layer 
and a 200 nm Au layer were formed on the Insulating 
layer 1 3 by electron beam deposition, after which a pat- 
terned photoresist layer was formed on the Au layer, af- 
ter which the Au layer was etched with an etchant com- 
prising iodine and potassium iodide, and the Cr layer 
was etched with an etchant comprising cerium ammo- 
nium nitrate and perchloric acid. 
[0131] Next, a rubber-type photoresist (trade name: 
OIVIR 83, mfd. by Toltyo Ouka Kogyo) was coated on the 
surface of the first substrate having the fixed elecrode 
15 and the first plate electrode 14 to form the first sac- 
rificial layer 7 (Figure 6(E)). 

[0132] The second substrate 6 having the beam 
member 2 was then pressed onto the first sacrificial lay- 
er 7, after which these substrates 1,6 were heated at 
150°C to evaporate the organic solvent In the photore- 
sist layer 7 and to cure it to adhere the second substrate 
6 to the first substrate 1 . The cured photoresist layer 7 
had 2 pm of thickness. 

[01 33] The aluminium second sacrificial layer 29 was 
then removed at 80*C by an etchant comprising phos- 
phorks acid, nitric ackl and acetic acid to release the sec- 



ond substrate 6 (Figure 6(G)). The beam member 2 was 
thus transferred to the first sacrificial layer 7. 
[0134] The first sacrificial layer 7 and the first sub- 
strate 1 were not etched by the aluminium etchanl. 
s [0136] Next, the second plate electrode 16 was 
fomned on the beam member 2 h the same manner as 
that for the fixed electrode 15 and the first plate elec- 
trode 14 (Figure 6(H)). 

[0136] The first sacrificial layer 7 was then etched by 
'0 reactive bn etching using oxygervgas, and using the 
pattern of the beam as a mask (Figure 6(1)). 
[01 37] Next, aluminium was deposited on the insulat- 
ing layer 13, the beam member 2 and the second plate 
electrode 1 6 to form 2 pm of aluminium layer 1 0 (Figure 
»s 6(J)), after which a pattemed photoresist layer 11, 
whose pattern corresponds to the pattern of the support- 
ing means 3. was formed on thealumlnlum layer tO (Fig- 
ure 6(K)). The aluminium layer 10 was then etched by 
reactive kxi etching using a gas mixture cH BCI3 and C^ 
20 to fomi the supporting means a 

[01 38] The photoresist layer 1 1 and the first sacrificial 
layer 7 were then removed by etching with oxygen plas- 
ma to fcwm a mfcrostarcture having a space 4 (Figure 6 
(M)). 

^5 [0139] According to this example, a microstructure 
having a 2 pm air space 4 and a 2 pm-thickness silfcon 
beam member 2 having a cantilever portion supported 
by an aluminium supporting structure 3 was prepared, 
and in addition each electrode 1 4, 1 5, 1 6 was not etched 
30 and sticking was avoWed by using reactive Ion etching. 
[0140] According to the process for producing the 
microstructure in this example, a beam member 2 which 
does not have internal stress and which is not bent can 
be formed from processing the substrate 28 made of 
3S crystalline silicon, and the beam member can be con- 
nected electrically with the fixed electrode 1 5 formed on 
the first substrate .1 by the supporting structure 3. 
[0141] Examples of the substrate 1 may include sili- 
con, glass, GaAs,metal, a glass substrate on which a 
^0 metal film has been formed, etc. 

[0142] in the above step, where the silicon beam 
member 2 is adhered to the first substrate 1 by the first 
sacrificial layer 7, a voltage of 1 00 V can be appHed be- 
tween the beam member 2 and the first substrate 1 to 
•« generate electrostatic force, instead of applying pres- 
sure. 

[0143] In the process according to Example 4, there 
is an alternative step for producing the beam member 
2. This step is as folkjws: 
so [0144] First of all, an SOI substrate having a 2 jtm- ^ 
thickness siHcon layer is prepared, after whfch the alu- 
minium layer 29 is formed on the silicon layer. Next, the 
silicon layer is bonded anodicaily to the second sub- 
strates, in performing this step, the SOI substrate was 
6B etched with 30 wt% of KOH aqueous solution to remove 
the silfcon base substrate of the SOI substrate. The sil-. 
kxjn dtaxide layer acts as an etch stop layer so that once 
the silkxin substrate is removed, the etching is stopped. 
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Next, the silicon dioxide layer is removed by hydrogen 
fluoride aqueous solution to produce a laminated sec- 
ond substrate comprising a 2 jim-thick silicon layer 28 
on the second sacrificfel layer 29 and the second sub- 
strata, the same structure as shown in Figure 6(c). In s 
this case, the thickness of the layer for the beam mem- 
ber 2 can be guaranteed. 

[0145] Alternatively, the SOI substrate can be used di- 
rectly as a laminated second substrate as shown in Fig- 
ure 6(C). in whteh case the buried thennally grown sill- io 
con difflclde ssn/es as the second sacrificial l^er in- 
stead of aluminium. The silicon layer of the SOI sub- 
strate is etched to form a pattern in the same mariner 
as that shown in Figure 6{D), after which the patterned 
silicon film 2 is adhered to the first substrate 1 shown in is 
Figure 6(E). The buried silicon dioxide is then removed 
with hydrogen fluoride to transfer the patterned silicon 
layer onto the first sacrificial layer 7 as shown in Figure 
6(G). 

[0146] in this example, aluminium film was used as zo 
the second sacrificial layer, but other metai which can 
be bonded anodlcally, such as Ti, Cr, Ni etc., and a se- 
lective etohant chosen which does not erode the first 
sacrificial layer 7 and the beam member 2. Furthermore, 
a first sacrificial layer 7 of resin can serve as an adhesive 
layer, in which case the layer 28 should be grooved so 
that solvent vapour evaporated can escape in the step 
of curing the first sacrificiai layer 7 (Figure 6(F)). 

EXAMPI^S 30 

[0147] Another process for producing the microstruc- 
ture electrostatte actuator of Figure 3 will be explained 
with reference to Figure 8. First of all, a silicon substrate 
30 was provided having a 1 (im-thtok themrally grown 3S 
silicon dioxide layer 31 which is to form the beam mem- 
ber 2. Next, a 200 nm Cu layer and a 10 nm Ai layer 
were formed on the silicon dioxide layer 31 by sputtering 
to fomi the second sacrificial layer 29 (Figure 8(A)). 
[0148] The second sacrificial layer 29 was then bond- 40 
ed anodlcally to a second substrate 6 of glass (trade 
name: No. 7740; mfd. by Coming) in the same manner 
as that in Example 4 (Figure B(B)). When the second 
sacrificial layer 29 Was bonded anodlcally to the second 
substrate 6, the aluminium m the second sacrificial layer fs 
29 was dispersed into the copper layer to form an alloy 
of aluminium and copper at the interface of the Al layer 
and the Cu layer. The silwon substrate 30 was then re- 
moved by dry etching using SFg gas (Figure 8(0)). 
[0149] This etching step was selective and therefore so 
the silicon oxkJe layer 31 remained on the second sub- 
strate 6. 

[0150] As the first substrate 1 , a glass substrate (trade 
name: No. 7059; mfd. by Corning) was prepared, and 
the first plate electrode 14 and fixed electrode 15 (not ss 
shown in Figure 8) were fomned on the first substrate 1 
in the same manner as In Example 4. Next, a solutton 
in which PMMA had been dissolved into MEK was coat- 



ed on the electrode surface of the first substrate 1 to 
form the first sacrificial layer 7 (Figure 8(D)). The first 
substrata 1 was then heated at SCO for 1 0 minutes to 
regulate the amount of the solvent in the first sacrificial 
layer 7 to prevent bubbles fonming at the adhesive in- 
terface when the first substrate 1 Is later adhered to the 
second substrate 6. 

[0151] Next, the second substrate 6 as shown in Fig- 
ure 8(C) was pressed onto the first substrate 1 shown 
in Figure 8(D) bringing the silicon cJioxide layer 31 into 
contact with the first sacrificial layer 7 (Figure 8(E)). 
[0152] The pressure was regulated in order that the 
silfcon dioxide layer 31 was acfliered adequately to the 
first sacrificial layer 7. 

[0153] The first layer 7 was then cured at 150°C. The 
cured first sacrificial layer 7 had a 2 nm thckness. 
[0154] The second sacrificial layer 29 was then re- 
moved by an etchant selective for copper comprising 
FeCIa, to release the second substrate 6, and to transfer 
the silicon dtoxide film 31 onto ttie first sacrificial layer 
7 (Figure 8(F)). 

[01 65] Next, a patterned photoresist layer was formed 
on the silicon dioxide layer 31, and the silicon dioxide 
layer 31 was then etched with hydrogen fluorkJe using 
the patterned photoresist layer as a mask to form the 
beam member 2; after which the patterned photoresist 
was removed by reactive ton etching with oxygen gas, 
and In this etching step for the photoresist, the first sad- 
rificlal layer 7 was also etched to form a pattemed firet 
sacrificial layer, whose pattern was the same as the pat- 
tem of the bridge member 2 (Figure 8 (G)). 
[0156] Next, the second plate electrode 16 was 
formed on the beam member 2 in the same manner as 
in Example 4 (Figure 8(H), (I)), after which a 2 jim-thick 
aluminium layer 10 was formed (Figure 8(J)). Next, a 
patterned photoresist layer 11 was fomied and the alu- 
minium layer 10 was etched to fonm the supporting 
structure 3 in the same manner as in Example 4 (Figure 
8(K), (L)), after which the pattemed photoresist layer 11 
and the first sacrificial layer 7 of PMMA were removed 
by immersion in an organic solvent for removing the 
photoresist (trade name: OMR Remover - 502; mfd. by 
Tokyo Ouka Kogyo K.K.) to prepare a microstnicture 
having a 2 (im air space 4 and a 1 nm-thfck silicon di- 
oxkJe beam member 2 supported by an aluminium sup- 
porting structure 3. 

[01 57] Since an organic solvent was used the alumin- 
ium supporting structure 3 was not etched. 
[0158] The microstructure prepared in this example 
had the same structure as the electrostatic actuator ' 
shown in Figure 3 except for using a glass substrate 1. 
The themial expansion coefficient of glass is one order 
of magnitude larger than that of the thennally grown sil- 
icon oxide, but nevertheless a microstructure with a 
structure made of insulating material is formed on a sub- 
strate whose themnal expansion coefficient is different 
from that of the insulating material can be prepared. 
[01 59] In this exanple, as the first substrate 1 , a glass 
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substrate was used, but other insulating material, such 
as quartz, AI2O3, MgO, ZrOg etc., or semiconductor ma- 
terial, such as Si, GaAs, InP etc, or metallic materials 
can be used. 

[0160] In addition, in this example, as the layer for the s 
structure, silicon dioxide was used, but other insulating 
material, which can be processed as film, such as silicon 
nitride, AlgOg, APN etc. can be used. 
[0161] Further, the layer 31 for the beam member 2 
may be formed after forming the second sacrificial layer 10 
29 on the second substrate 6. Furthemnore, examples 
of the second sacrificial layer in Example 5 may include 
a layer which can be bonded anodically to the second 
substrate 6, such as an alloy layer of Cu and Al formed 
by sputtering. is 
[0162] In Example 5. the second sacrificial layer 29 
was removed by wet etching, but It can be removed by 
dry etching with oxygen gas. 

EXAMPLE 6 20 

[0163] Another example of a process for producing a 
mlorostructure as shown in Figure 1 will be explained 
with reference to Figure 9. First of all, a substrate of crys- 
talline silicon was prepared as a second substrate 6, and 25 
the second substrate 6 was etched to form a patterned 
prominence 9 of the beam 2 in the same manner as in 
Example 1 (Figure 9(A). (B)). The height of the promi- 
nence 9 was 5 ^un. 

[0164] A glass substrate (trade name: No. 7059; mfd. 30 
by Corning) was prepared as a flrst substrate 1. 
[0165] Next, a solution of a precursor of poly imide was 
coated on the first substrate 1 by spin coating, after 
which the first substrate 1 was heated at 250'C to hard- 
en the precursor to form a 2 nm-thick polyimide layer as 
7c. Next, a solution in which PMMA had been dissolved 
into MEK was coated on the polyimide layer 7c to fonm 
a 0.5 ^m-thick PMMA layer 7d (Figure 9(C)). 
[0166] In this example, the polyimide layer 7c and the 
PMMA layer 7d constituted a first sacrificial layer 7. 40 
[0167] Next, the second substrate 6 was placed on 
the first substrate 1 with the prominence 9 in contact 
with the PIWMA layer 7d, after which the substrates 1 ,6 
were heated at 1 50°C to cure the PMMA layer 7d, and 
to adhere the second substrate 6 to the first substrate 1 ■« 
(Figure 9(D)). The first substrate 1 was then etched to 
form the beam member 2 on the PMMA layer 7d in the 
same manner as in Example 1, then using the beam 
member 2 as a mask, part of the first sacrificial layer 7 
was removed by reactive ion etching usin&oxygen gas so 
(Figure 9(G)). 

[0168] Next, the aluminium supporting structure 3 
was formed in the same manner as in Example 1 (Figure 

9(H)to9(J)). 

[0169] Finally, the patterned photoresist layer 11 and ss 
the first sacrificial layer 7 were removed to prepare a 
microstructure comprising a silicon beam member 2 on 
the substrate 1 and having an air-space 4 between the 



beam member 2 and the substrate 1 and the beam 
member 2 was suspended by the aluminium supporting 
structure 3. 

[0170] According to this example, sticking could be 
avoided by using dry etching with oxygen plasma. 
[01 71] In addition, according to the process erf this ex- 
ample, a beam member which does not have internal 
stress, and which is not bent can be prepared because 
of fomning the beam member by fsracessing crystalline 
silicon crystal to a thin layer. The silicon substrate 6 was 
provided witin a groove beside the prbrninence 9 so that 
solvent vapour, evaporated in the step of curing the PM- 
MA layer 7c. could escape. 

iP172] Ifthesurfaceareaoftheprominencegislarge, 
the anwunt of the solvent in the resin layer may be reg- 
ulated to avoid bubbles being trapped at the adhesive 
interface. 

[0173] The amount of the solvent can be regulated by 
heating the resin layer at a low temperature at which the 
resin layer is not cured. It is possible to avoid bubbles 
in the 0.5 \m thickness of PMMA layer by heating at 
50*0 for 10 minutes. 

[0174] Furthemnore, in this example, a resin layer 
(PMMA layer) was used as an adhesive layer so that 
the adhesive layer could be cured at 1 50°C. Thereby, it 
is possible to use, as the second substrate, a substrate 
whose thermal expansion coefficient is different from 
that of the first substrate. 

P175] Examples of the first substrate 1 may include 
an insulator, such as quartz, AlgOj, MgO, ZrOg etc., a 
semiconductor, such as SI, GaAs, InP, or metallic mate- 

[0176] According to this example, in the step for ad- 
hering the second substrate 6 to the first substrate 1, 
the prominence 9 is embedded into the PMMA layer 7d, 
but it Is hot embedded into the polyimide layer 7c as 
shown in Figure 9(D) so the polyimide layer acts as a 
layer for regulating the thickness of the air-space 4. By 
dividing the functions of the first sacriffcial layer 7. firstly 
definingtheair space, and secondly providing adhesion, 
by using a laminated layer structure, the air space can 
be regulated with good accuracy even if the substrate 
is warped and/or pressure is not applied uniformly when 
the second substrate 6 is adhered to the first substrate 1 . 

EXAMPLE 7 

Test for repeatability of the space bet ween the beam and 
the first substrate. 

[0177] First of all 5 cm diameter glass substrate was 
provKled as a first substrate 1. This glass substrate 1 
was provided with a 200 nm-thick Cr layer on its surface, 
and it was warped due to the internal stress of the Cr 
layer. 

[01 78] Next, a 2 jxm-thick polyimide layer 7c and a 0.5 
pm-thick PMMA layer 7d were formed on the Gr layer in 
the same manner as in Example 6 to form a first sacri- 



11 - • — 

PHI 300502 



21 



EP0665 590B1 



22 



ficiallayer7. 

[0179] In addition, a 5 cm diameter silicon wafer sub- 
strate was provided as a second substrate 6, and the 
second substrate 6 was provided with four beam mem- 
bers each produced in the same manner as in Example s 
6. Each pattern had a 100 |im-wldth. a 20 mm-length 
and were separated at a 10 mm-pitch. 
[01 80] Next, by using the first substrate 1 and the sec- 
ond substrate 6, the first substrate 1 having four silicon 
beams on the PMMA layer 7d in the same manner as in iQ 
Example 6, and as disclosed in Figure 9(D) to (G). The 
silicon beams 2 were then etched away, and the thick- 
ness of the first sacrificial layer 7 was measured. The 
thickness was wHhin the range of 2-2.2 jim. 
[0181] On the other hand, another first substrate 1 is 
having four silicon beams 2 was prepared in the same 
manner as described above except in forming a 2.5 |im- 
thickness PMMA layer 7 instead of forming a 2 urn-thick- 
ness of polyimide layer 7c and 0.5 nm-thickness of PM- 
MA layer 7d. Next, the beams 2 were etched away, and zo 
the PMMA layer thickness was measured. The thick- 
ness was In the range from 1.5 urn to 2.4 jjm. This con- 
flrrns that better accuracy is achieved by dividing the 
functkjns as aforesaid. 

25 

EXAMPt£ 8 

[0182] Another example of producing the mtoro-struc- 
ture of Figure 3 will be explained with reference to Figure 

10. 30 

[0183] A microstructure as shown In Figure 3 was pre- 
pared in the same manner as in Example 4 (Figure 6) 
except in using a first sacrificial layer 7 consisting of two 
photoresist layers 7c,7d instead of a single photoresist 
layer. as 
[0184] The first sacriflcal layer 7 in this example was 
prepared as follows: 

a rubber type photoresist (trade name: OMR-83; 
mfd. by Tokyo Ouka Kogyo K.K.) was coated on the sur- 
face of the first substrate 1 1ncluding the fixed electrode 40 
1 5 and the first plate electrode 1 4 to form aflrst photore- 
sist layer 7o, after which the first photoresist layer 7c 
was heated at BO'C for 20 minutes to evaporate solvent 
In the photoresist layer, after which ultraviolet radlatkwi 
was irradiated to the photoresist layer. The photoresist ts 
layer 7c was then heated at 1 50°C for 1 hour to cure it. 
Next, the same photoresist was coated on the first pho- 
toresist layer 7c to form 0.4 mm-thfckness of a second 
photoresist layer 7d. In addition, the second photoresist 
layer 7d was cured when the second substrate 6 was «> 
adhered to the first substrate 1 . 
[0185] According to this example, in the step for ad- 
hering the second substrate 6 to the first substrate 1, 
the patterned part to form the beam member 2 is em- 
bedded in the second photo-resist layer 7d, but it is not ss 
embedded in the first photoresist layer 7c as disclosed 
in Figure 1 0(F) so the first photoresist layer 7o works as 
a layer for regulating the air-space 4. 



[01 sen Therefore, in case <rf dividing the functfons of 
the first sacrificial layer 7, one of which is a f unctton as 
a layer for defining the thickness of the air space 4, and 
one of which is a function as a layer for adhering the first 
substrate 1 to the second substrate 6, into each function, 
the space can be regulated with a good accuracy even 
if the substrate 1 Is warped andAsr pressure is not ap- 
plied unifomrily when the second substrate 6 is adhered 
to the first sut)strate 1 . 

[0187] Further, in the step for adhering the second 
substrate 6 to the first substrate 1 (Figure 1 0(F)), it was 
possible to adhere the second substrate 6 to the first 
substrate 1 by applying 100 V of voltage between the 
second sacrificial layer 29 made of Al and the first sub- 
strate 1 made of sllkxxi instead of applying pressure to 
the back surface of each substrate 1,6. In the above 
case, the second sacrificial layer 29 was not etched in 
the step of preparing the beam member 2 (Figure 10 
(D)). 

[0188] As described above: 

(1) A microstructure comprishg a substrate, a pat- 
terned structure provided on the substrate and 
spaced apart therefrom by an air-space, and a sup- 
porting structure which suspends the patterned 
structure can be obtained; 

(ii) It is possible to obtain a microstructure made of 
various materials, such as insulators, metals and 
semiconductors; 

(iii) It is possible to obtain a microstructure compris- 
ing a patterned structure on which Is a patterned 
electrode connected electrteally with the substrate 
of the microstructure, or with a fixed electrode 
formed on the substrate of the mkjrostructure; 

(iv) The material for a layer for the patterned struc- 
ture, and the material for the first substrate are not 
limited because the step for processing the layer to 
fonifi the structure can be perfomied independently. 

(v) It is possible to obtain a micn>structure compris- 
ing a patterned structure on a substrate over an air- 
space, wherein the structure is not warped if crys- 
talline material is used as material for the structure; 

(vi) If a resin layer is provided as the first sacrificial 
layer for forming a space between the substrate and 
the pattemed structure, the first sacrificial layer can 
be renxjved by using a dry etching process, thereby 
sticking can beavoided, andaflatsurfacedfirst sac- 
rificial layer can be provided on the substrate with- 
out depending on the surface roughness of the sub- 
strate because resin layers can be made flat even ' 
if they are coated on uneven surfaces, for example, 
a substrate having a pattemed electrode, therefore 
a second substrate can be adhered to the first sub- 
strate precisely; 

(vii) A microstnjcture can be prepared by using a 
second substrate wfiose thermal expanskm coefl^i-. 
cient is different from that of the substrate of the 
microstructure because the pnacess for producing 
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microstructure according to the above does not 
comprise a step in wliich the substrate is bonded to 
the second substrate at high temperature; 
(viii) If the functions of the first sacrificial layer of 
spacing and adhesion are divided amongst compo- s 
nent layers, the air-space between the substrate 
and the patterned structure of the microstructure 
can be regulated precisely. 



Claims 

1. A process of producing a microBlructure having a 
substrate (1 ). a beam member (2), and a supporting 
means (3), wherein the beam member (2) is sus- is 
pended over the surface of the substrate (1 ) by said 
supporting means (3) and is separated from said 
surfaceby an air-space (4), which process compris- 
es performing in the following otdor steps of: 

20 

(a) providing a first substrate (1) having a first 
sacrificial layer (7) over Its surface and a beam 
member (2) on said first sacrificial layer (7); 

(b) removing that part of said first sacrHiciai lay- 
er (7) which is not sandwiched between said 2S 
beam member (2) and said substrate (1); 

(c) forming supporting means (3) on said sub- 
strate (1) and over said beam member (2) with 
the inside surface of said supporting means (3) 
attached to the surface of said first substrate 30 
and to that surface (5) of said beam member 

(2) which is further from the surface of said first 
substrate; and 

(d) removing the remainder part of said first 
sacrificial layer (7) to leave said beam member as 
(2) separated from the surface of said first sub- 
strate by an air-space (4) with no part thereof 
directly supported from belowL 

2. A process according to claim 1 wherein step (a) in- «? 
eludes: 

(e) providing a second substrate (6) of material 
which is to form said beam member (2); 

(f) producing a beam member patterned prom- « 
inence (9) in the surface of said second sub- 
strate (6); 

(g) attaching said beam member patterned 
prominence (9) to said first substrate (1) by 
means of said first sacrificial layer (7); and so 

(h) thinning said. second substrate (6) to fomi 
said beam member (2) from said beam member 
patterned prominence (9). 

3. A process according to claim 2 wherein said second sb 
substrate (6) is of crystalline material. 

4. A process according to claim 1 wherein step (a) in- 



cludes: 

(i) providing a second substrate (6) having a 
precursor layer (1 7) thereon which is of material 
which is to form said beam member (2); 
0) attaching said precursor layer (17) to said 
first substrate (1) tjy means of said first sacrifi- 
cial layer (7); 

(k) removing said second^ubstrate (6); and 
(I) producing said beam member (2) by pattern- 
ing said precursor layer (17). , 

5. A process according to claim 4 vrfierein said precur- 
sor layer (1 7) provided on said second substrate (6) 
is produced by thennal oxidation of said second 
substrate (6). 

6. A process according to claim 4 wherein said precur- 
sor i^er ( 1 7) provided on said second substrate (6) 
is attached thereto by means of a second sacrificial 
layer (29), and step (k) is perfomned by removing 
said second sacrificial layer (29) to release said 
second substrate (6). 

7. A process according.to claim 6 wherein step (i) Is 
performed by: 

providing a third substrate (26) of a material 
which is to form said precursor layer (17); 
forming said second sacrificial layer (29) on 
said third substrate (28); 
attaching said third substrate (28) to said sec- 
ond substrate (6) by means of said second sac- 
rificial layer (29); and 

thinning said third substrate (28) to produce 
said precursor layer (17). 

8. A process according to claim 7 wherein said third 
substrate (28) is of crystalline material. 

9. A process according to claim 6 wherein said second 
substrate (1 ). second sacrificial layer (29) and pro- 
cursor layer (17) are comprised by a silicon-on-in- 
sulator (SOI) substrate. 

10. A process according to any preceding claim 4 to 9 
wherein said step (I) of patterning said precursor 

layer (17) is perfomned after said step (k) of remov- 
iffg said second substrate (6). 

11. A process according to any preceding claim 4 to 9, 
wherein said step (I) of patterning said precursor 
layer (17) is performed before said step fl) of attach- 
ing said precursor layer (17) to said first substrate 
(1). 

1 2. A process according to any preceding claim 2 to 1 1 
wherem said first sacrificial layer (7) is of resin and 
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the step of attaching to said first substrate (1 ) is per- 
formed by using the first sacrificial layer and an ad- 
hesive layer. 

1 3. A process according to claim 1 2 wherein said resin s 
comprises a photoresist. 

14. A process according to claim 1 3 wherein said pho- 
toresist contains cyclised rubber. 

10 

15. A process according to any preceding claim 2 to 11 
wherein said first sacrificial layer (7) is a composite 
of two layers (7c,7d) one (7c) which ads as a spacer 
layerfor defining the thickness of sakl air-space (4), 
and the other one (7d) of which Is an adherent layer is 
for the step of attaching. 

16. A process according to claim 15 wherein the one 
layer (7d) is of a cured first photoresist, and the oth- 
er one layer {7c) Is a curable photoresist cured dur- zo 
ing the step of attaching. 

17. A process according to any preceding claim 12 to 
16 wherein said remainder part of said first sacrifi- 
cial layer (7) is removed by dry etching. zs 

18. A process according to claim 17 wherein said dry 
etching is performed using an oxygen plasma. 

19. A process according to any preceding daim 2 to 11 ao 
wherein said first saorifioial layer (7) Is of a multilay- 
er l.angmulr-Blodgett film which prior to the step of 
attaching is provided on one or both of said first and 
second substrates (1.6). 

3S 

20. A process according to claim 19 wherein an elec- 
trostatic field is applied across said first sacrificial 

layer (7) for performing the step of attaching. 

21. A process according to any preceding claim 12 to 40 
14, 16, 19 and 20 wherein said remainder part of 
said first sacrificial layer (7) is removed by means 

of a solvent. 

22. A process according to either of claims 19 or 20 « 
wherein said remainder part of said first sacrificial 
layer (7) is removed by heating. 

23. A process according to any of claims 6 to 8, or any 
claim depending directly or indirectly therefrom, so 
Wherein said second sacrificial layer (29) is of metal. 

24. A process according to claim 23 wherein said pre- 
cursor layer (17) is attached to said second sub- 
strate (6) by anodic bonding of said second sacrifi- ss 
cial layer (29) of metal. 

25. A process according to any preceding claim 1 to 24 



wherein step (a) includes forming a patterned elec- 
trode (1 6) on said surface (5) of said beam member 
(2). 

26. A process according to any preceding claim 2 to 11 , 
wherein said first sacrificial layer (7) is provided on 
one or both of said first and second substrates (1 .6) 
prior to said step of attaching. 

Patentanspruche 

1. Verfahren zur Herstellung eines Milwoaufbaus mit 
einem Substrat (1). einem Balkonelement (2) und 
einer StOtzeinrichtung (3). wobei das Balkenele- 
ment (2) uber der Oberflaohe des SubsUats (1) 
durch die StOtzeinrichtung (3) aufgehangt und von 
derOberflache durch eine Lufllucke (4) getrenni 1st, 
das Verfahren weist in der nachstehenden i=leihen- 
folge die Schritte 

(a) Bereitstellen eInes ersten Substrats (1) mit 
einer ersten Opferschicht (7) Ober dessen 
Oberflache und eines Balkenelemenles (2) auf 
der ersten Opferschicht (7); 

(b) Enflernen des Telles der ersten Opfer- 
schicht (7), der nicht zwischen dem Balkeneie- 
ment (2) und dem Substrat (1 ) llegt; 

(c) AusbiWen einer StOtzeinrichtung (3) auf 
dem Substrat (1 ) und Ober dem Balkeneiement 
(2), wobei die innere Oberflache der StOtzein- 
richtung (3) an die Oberflache des ersten Sub- 
strats und an die der Oberflache des ersten 
Substrats abgewandte Oberflache (5) des Bal- 
kenelements (2) angebracht ist; und 

(d) Entfernen des verbleibenden Tells der er- 
sten Opferschicht (7), wobei das Balkeneie- 
ment (2) von der Oberflache des ersten Sub- 
strats durch elne LuftlOoke (4) getrennt zuitick- 
bleibt. ohne daf} ein Tell des Balkenelements 
(2) unmittelbar von unten geatOtzt wird. 



2. Verfahren nach Anspruch 1, wobei der Schritt (a) 
beinhaltet, daB 

(e) ein zwoites Substrat (6) aus einem Werk- 
stoff bereitgestellt wird, aus dem das Balken- 
eiement (2) ausgebildet wird; 

(f) eine Erhohung (9) mit der Struktur des Bal- 
teneiementes in der Oberflache des zwelten 
Substrats (6) erzeugt wird; 

(g) die Erhohung (9) mit der Struktur des Bal- 
kenelemenles mittels der ersten Opferschicht 
(7) an dem ersten Substrat (1 ) angebracht wird;. 
und 

(h) das zweite Substrat (6) zur Ausbiidung des 
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Balkenelementes (2) aus der Erhohung (9) mit 
der Struktur des Balkenelementes dOnner ge- 
macht wird. 

3. Verfahren nach Anspruch 2, wobel das zweite Sub- 5 
strat (6) aus emem kristalllnen Werkstoff 1st 

4. Vorfahren nach Anspruch 1, wobel Schrttt (a) be- 
inhaltet, daB 

(I) ein zweiles Substrat (6) bereltgestellt wird, 
das eine Vorlauferschicht (1 7) aus einem Werk- 
stoff darauf aufweist, aus dem das Balkenele- 
ment (2) ausgeblldel wird; 
(j) die Vorlauferschicht (17) an das erste Sub- is 
strat (1 ) mittels der ersten Opferschicht (7) an- 
gebraoht wird; 

(k) das zweite Substrat (B) entfemt wird; und 
(I) das Balkenelement (2) durch Strukturierung 
der Vorlauferschicht (1 7) hergestellt wird. so 

6. Verfahren nach Anspruch 4, wobel die auf dem 
zweiten Substrat (6) bereitgestellte Vbrlaufer- 
schioht (17) durch fhemiische Oxidation des zwei- 
len Substrate (6) hergestellt wird. 2S 

6. Verfahren nach Anspruch 4, wobei die auf dem 
zweiten Substrat (6) bereitgestellte VbrlSufer- 
schicht (17) an dieser mittels einer zweiten Opfer- 
schicht (29) angebracht wird, und Schritt (k) durch- so 
gefOhrt wird, hdem die zweite Opferschicht (29) 
zum Frelgeben des zweiten Substrate (6) entfemt 
wird. 

7. Verfahren nach Anspruch 6, wobei Schritt (i) durch- as 
gefuhrtwird, indem 

ein dritles Substrat (28) aus einem Werkstoff 
bereitgestellt wird, aus dem die Vorlaufer- 
schicht (17) ausgebiWetwIid; 40 
die zweite Opferschfcht (29) auf dem dritten 
Substrat (28) ausgebildet >vird; 
das dritte Subetrat (28) an dem zweiten Sub- 
strat (6) mittels der zweiten Opferechfcht (29) 
angebracht wird; und 4S 
das dritte Substrat (28) zur Herstellung der Vbr- 
lauferschicht (17) dOnner gemacht wird. 

8. Verfahren nach Anspruch 7, wobei das dritte-Sub- 
strat (28) aus einem kristalllnen Werksfcrff ist. so 

9. Verfahren nach Anspruch 6. wobei das zweite Sub- 
strat (1), die zweite Opferschicht (29) und die Vbr- 
lauferschioht (17) durch ein Silizlum-auf-lsolator- 
Substrat (SOI) zusammengesetzt sind. ss 

10. Verfahren nach einem bellebigen der vorstehenden 
AnsprOche 4 bis 9, wobel der E;chritt (I) zur Struktu- 



rierung der Voriauferschicht (17) nach dem Schritt 
(k) zur Entfemung des zweiten Substrats (6) durch- 
gefuhrt wird. 

1 1 . Verfahren nach einem beliebigen der vorstehenden 
Anspruche 4 bis 9, wobei der Schritt (1) zur Struktu- 
rierung der Vorlauferschfcht (17) vor Schritt (j) zum 
Anbringen dor VbrHuferschicht (17) an dem ersten 
Substrat (1) durchgefOhrt wirtl. 

12. Verfahren nach einem beliebigen der vorstehenden 
Anspruche 2 bis 11, wobei die erste Opferschicht 
(7) aus Harz ist und der Schritt zum Anbringen an 
das erste Substrat (1 ) unter Verwendung der ersten 
Opferschicht und einer Haftschicht durchgefOhrt 
wird. 

1 3. Verfahren nach Anspruch 12, wobel das Harz einen 
Fotolack aufweist. 

14. Veriiahren nach Anspruch 13, wobei der Fotolack 
cycllsierten Gumml enthalt. 

15. Verfahren nach einem beliebigen der vorstehenden 
AnsprOche 2 bis 11, wobei die erste OpferschkJht 
(7) eine Zusammensetzung aus zwei Schichten (7c, 
7d) ist, von denen die eine (7c) als Abstandsschfchf 
zur Definition der Dteko der LuftlDcke (4) und die 
andere (7d) als Haflschcht fur den Schritt zum An- 
bringen wirkt. 

16. Verfahren nach Anspruch 15, wobei die eine 
Schicht (7d) aus einem ersten ausgeharteten Foto- 
lack ist, und die andere Schicht (7c) aus einem hart- 
baren Fctfoiack Ist, der wahrend dem Schritt zum 
Anbringen geh§rtet wird. 

17. Vertahren nach einem beliebigen der AnsprOche 12 
bis 16, wobei der verbleibende Tell der ersten Op- 
ferschfcht (7) durch TrockenSUen entfemt wird. 

18. Verfahren nach Anspruch 17, wobei das Trocken- 
atzen unter Venwendung eines Sauerstoffplasmas 
durchgefOhrt wird. 

19. Verfahren nach einem beliebigen der vorstehenden 
AnsprOche 2 bis 11, wobei die erste Opferschfcht 
(7) eine vielschichtige Langmuir-Blodgett-Schioht 
aufweist, die vor dem Schritt zum Anbringen auf ei- 
nem Oder beiden von dem ersten und zweiten Sub- ' 
strat (1. 6) bereitgestellt wird. 

20. Verfahren nach Anspruch 19, wobei ein eleklrosta- 
tisches Feld an die erste Opferschfcht (7) zur 
Durchfuhrung des Schrittes zum Anbringen ange- 
legt wird. 

21 . Vertahren nach einem beliebigen der vorstehenden 
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Anspruche 12bis 14, 16. 19und20, wobeiderver- 
bleibende Teil der ersten Opferschicht (7) mittels ei- 
rier Losung entfernt wird. 

22. Verfahren nach einem der AnsprQche 1 9 Oder 20. s 
wobei der verbleibende Teil der ersten Opferschicht 

(7) durch Erwarmung entfernt wird. 

23. Verfahren nach einem beliebigen der AnsprOche 6 

bis 8. Oder einem beliebigen davon direid oder in- io 
dlrekt abhanglgen Anspruch, wobei die zweKe Op- 
ferschicht (29) aus IMetall ist. 

24. Verfahren nach Anspruch 23. wobei die \A3rlaufGr- 
schicht(17)andaszweileSubstrat(6)durchanodi- w 
sches Verbinden der zweiten Opferschicht (29) aus 
Metall angebraoht wird. 

26. Verfahren nach einem beliebigen dervorstehenden 
AnsprOche 1 bis 24, wobei Schritt (a) die Ausbil- a» 
dung einer strulrturlerten Elektrode (16) auf der 
Oberflache (5) des Balkenelemontes (2) beinhaltet. 

26. Verfahren nach einem beliebigen dervorstehenden 
AnsprQche 2 bis 11, wobei die erste Opferschicht 2s 
(7) auf einem oder beiden von dem ersten und zwei- 
ten Substrat (1, 6) vor dem Schritt zum Anbringen 
bereitgestelltwird. 



Revendlcatlons 

1. PtX3c6d§ de fabrication d'une microstructure com- 
portant un substrat (1), un dtement poutre (2) et un 
moyen de support (3), dans iequel rel6ment poutre as 
(2) est suspendu au-dessus de la surface du subs- 
trat (1) par ce moyen de support (3) et est s^par^ 
de cette surface par un espace d'air (4). Iequel pro- 
cad6 comprend I'exdcution dans I'ordre suivant des 
Stapes consistant a : 4o 

(a) semunlrd'un premier substrat (1 ) ayant une 
promlfere couche sacrlficlelle (7) sur sa surface 
et un 6l6ment poutre (2) sur cette premiere cou- 
che sacrificiello (7) ; 4S 

(b) 6liminer la partie de cette couche sacrfflciel- 
le (7) qui n'est pas prise en sandwich entre ledH 
6l6rnent poutre (2) et ce substrat (1) ; 

(c) former un moyen de support (3) sur le subs- 
trat (1) et sur I'element poutre (2) avec la sur- so 
face int6rieu re de ce moyen de support (3) fix6e 
sur la surface de ce premier substrat et sur la 
surface (5) dudit 6l6ment poutre (2) qui est plus 
6loign6e de la surface de ce premier substrat ; 

et Bs 

(d) eliminer la partie restante de ladite premiere 
couche sacrificielle (7) pour laisser i'6l6ment 
poutre (2) s^parfi de' la surface dudit premier 



substrat par un espace d'air (4) sans qu'aucune 
partie de celui-ci ne soit directement support^e 

par en dessous. 

2. Proc6d6 selon la revendication 1 , dans Iequel l'6ta- 
pe (a) comprend : 

(e) le fait do se procurer un second substrat (6) 
de mati&re qui doit former ledit dISment poutre 
(2): 

(f ) le fait de fabrfquer une protuberance portant 
un dessin d'6l&nent poutre (9) sur la surface 
de ce second substrat (6) ; 

(g) le fait de fixer cette protuberance portant un 
dessin d'element poutre (9) sur le premier 
substrat (1) au moyen de cette premiere cou- 
che sacrificielle (7) ; et 

(h) le fait d'amincir le second substrat (6) pour 
fonrier ledit 6l6ment poutre (2) h partir de cette 
protuberance portant un dessin d'6l6ment pou- 
tre (9). 

3. Proc6d6 selon la revendication 2, dans Iequel ledit 
second substrat (6) est en une mati^re cristalline. 

4. ProcedS selon la revendication 1 , dans Iequel l'6ta- 
pe (a) comprend : 

(i) le fait de se procurer un second substrat (6) 
portant une couche jouanl le r5le de pr6curseur 
(17) qui est en une mati&re devant former ledit 
6tement poutre (2) ; 

(j) le fait de fixer cette couche jouant le r6le de 
pr6curseur (17) sur ce premier substrat (1 ) au 
moyen de ladite premi&re couche sacrificieile 
(7); 

(k) le fait d'eliminer ce second substrat (6) ; et 
■ (I) le fait de fabriquer ledit element poutre (2) 
par mise en forme de ladite couche jouant le 
rflle ds prScurseur (17). 

5. Precede selon la revendication 4, dans Iequel la 
couche jouant le role de precurseur (17) apportee 
sur ce second substrat (6) est fabriquee par oxyda- 
tion thermlque de ce second substrat (6). 

6. Precede selon la revendicatksn 4, dans Iequel ladite 
couche jouant le rSte de precurseur (17) apportee 
sur le second substrat (6) est fixee sur celui-ci au 
moyen d'une seconde couche sacrificieile (29), et ' 
retape (k) est effectu6e en eiiminant cette seconde 
couche sacrificieile (29) pour liberer le second 
substrat (6). 

7. Precede sek»i la revendication 6, dans Iequel I'eta- 
pe (i) est effectuee : 

eri realisant un troisieme substrat. (28) d'une 
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matiere qui doit former la couche jouant le idle 
de pr6curseur (17); 

en formant cette seconde couche sacrlflcielle 
(29) sur le troisieme substrat (28) ; 
en fixant ce troisifeme substrat (28) sur le se- s 
cond substrat (6) au moyen de ladite seconde 
couche sacriflcielle (29) ; et 
en amincissant ce troislfeme substrat (28) pour 
produire la couche servant de prAjurseur (17). 

8. PTOC666 selon la revendlcatlon 7, dans loquel tedlt 
trolslSme substrat (28) est en une matl&re crlstalll- 



9. ProcSdd selon la revendlcatlon 6, dans lequel le se- 
cond substrat (6), la seconde couche sacrificielle 
(29) et la couche jouant le rOle de prteuraeur (17) 
sont constltuSs d'un substrat slllclum-sur-lsolant 
(SOI). 

1 0. Pnoc&M selon Tune quelconquo des revendicatlbns 
469 pr^cSdentes, dans lequel l'6lapo (1 ) de forma- 
tion d'un dessin sur la couche jouant le raie de pr6- 
curseur (17) est effectude aprfes l'6tape (k) d-^limi- 
naiion de ce second substrat (6). 2S 

1 1 . Proc6d6 selon I'une quelconquedes revendications 
4^9 pr6c6dente8, dans lequel l'6tape (1 ) de forma- 
tion d'un dessin sur la couche jouant le i6le de pr^- 
curseur (1 7) est effectude avant I'etape Q) de fixa- 30 
tlon de cette couche jouant le rdle de pr^curseur 
(17) sur le premier substrat (1). 

12. Proc6d6 selon I'une quelconque des revendications 
2 & 1 1 prSc6dentes, dans lequel la premiere couche 35 
sacrlflcielle (7) est constituee d'une r6sine et I'etape 
de fixation sur ce premier substrat (1) est effectuee 
en utilisant la premiere couche sacrificielle et une 
couche adhesive. 

40 

13. Proc6de selon la revendlcatlon 12, dans lequel cet- 
te r§sine comprend un photoresist. 

14. Proc6d6 selon la revendication 13, dans lequel ce 
photoresist contient un caoutchouc cyclisd. 4S 

1 5. Precede selon I'une quelconque des revendications 
2 a 1 1 precedenles, dans lequel cette premiere cou- 
che sacrificielle (7) est un composite de deux cou- 
ches (7c, 7d) dont I'une (7c) se comporte comme so 
une couche d'espacement pour d6flnlr l'6palsseur 
de cet espace d'air (4), et I'autre (7dj est une couche 
adherente pour I'etape de fixation. 

16. Precede selon la revendication 15, dans lequel la- S5 
dite une couche (7d) est constitute d'un premier 
photoresist durci, et I'autre couche (7c) est un pho- 
toresist durcissable durci au cours de I'etape de 



fixation. 

1 7. Precede selon I'une quelconque des revendications 
12 a 16 pr^cedentes, dans lequel ladite partie res- 
lante de cette premiSre couche sacrificielle (7) est 
eliminee par ctecapage a sec. 

.18. Proc6dd selon la revendication 17, dans lequel ce 
ddcapage d sec est effectue ep utilisant un plasma 
d'oxygene. 

1 9. Precede selon I'une quelconque des revendications 
2^11 prdcddentes, dans lequel la premiere couche 
sacrifldelle (7) est un film de langmuir-Blodgett 
mutticouche qui est appliqud, avant i'etape de fixa- 
tion, sur un de ces premier et second substrats (1, 
6). ou sur les deux. 

20. Proc6de selon la revendication 19, dans lequel un 
champ 6lectrostatiqua est af^lique k travers cette 
premiSre couche sacrificielle (7) pour effectuer 
retape de fixation. 

21 . Precede selon I'une quelconque des revendications 
1 2 ^ 1 4, 1 6, 1 9 et 20 precedentes. dans lequel ladite 
partie restarts de cette premiere couche sacrificiel- 
le (7) est eiiminee au moyen d'un solvant. 

22. Precede selon I'une quelconque des revendications 
1 9 ou 20, ckns lequel ladite partie restante de ladite 
premifere couche sacrificielle (7) est eiiminee par 
chauffage. 

23. Precede selon I'une quelconque des revendications 
6 a 8, ou selon n'importe quelle revendication de- 
pendant directement ou indirectement de celles-ci, 
dans lequel ladite seconde couche sacrificielle (29) 
est en metal. 

24. Precede selon la revendication 23, dans lequel la 
couche jouant le r5le de pr6curseur (17) est fixee 
sur le second substrat (6) par liaison anodique de 
ladite seconde couche sacrificielle (29) en metal. 

25. Precede selon I'une quelconque des revendications 
1 k 24 precedentes, dans lequel I'etape (a) com- 
prend la formation d'une electrode (16) portant des 
dessms sur ladite surface (5) dudit element poutre 

(2). 

26. Precede salon I'une quelconque des revendications 
2^11 precedentes, dans lequel la premiere couche 
sacrificielle (7) est prevue sur run des premier et 
second substrats precites (1, 6) ou sur les deux 
avant cette etaps de fixation. 
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